BACKGROUND: Few population-based data are available on the quality of outpatient care provided by resident physicians in the US. OBJECTIVE: To assess the quality of outpatient care delivered by resident and staff physicians. 
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BACKGROUND
Despite ongoing efforts to improve the quality of primary care in the United States, deficiencies persist. 1 In recognition of the importance of residency training in ambulatory medicine, the Accreditation Council for Graduate Medical Education (ACGME) increased the required time residents spend in primary care continuity clinics starting in July 2009 2 and has supported involvement of residents in quality improvement efforts. Targeting trainees is prudent, as practice patterns are largely determined during the residency training years. Quality of care delivered by internal medicine residents is particularly important with respect to addressing health care disparities, as residents provide a substantial amount of care to minority and uninsured patients. 3, 4 Studies have shown increased quality of inpatient care delivered in teaching hospitals relative to non-teaching hospitals. 5, 6 However, few population-based data are available on the quality of outpatient care provided by resident physicians in the United States. Although prior studies have reported comparable or increased quality of outpatient care delivered by residents, these studies have been limited by their lack of a comparison group 7 or by their focus on specific diseases or geographical areas. 8, 9 We analyzed data from the National Hospital Ambulatory Medical Care Survey (NHAMCS). Our objective was to compare the quality of outpatient care delivered by resident physicians and staff physicians in the United States, across a spectrum of previously defined and published quality measures. 10 
METHODS

Data Source
We analyzed data from the Outpatient Department component of the NHAMCS collected between 1997 and 2004. The NHAMCS is administered by the National Center for Health Statistics (NCHS). It uses a multistage stratified probability sampling procedure to obtain nationally representative estimates of outpatient visits to hospital-based clinics on an annual basis. Hospital-based physicians (with staff assistance) or hospital staff complete NCHS standard encounter forms, including data on visit diagnoses, over a four-week period. The survey contains items on patient demographics (with the patient's race and ethnicity determined by the physician), up to three reasons for the visit (in the patient's own words), visit diagnoses (primary diagnosis plus two 'other' diagnoses), diagnostic and screening services ordered, counseling and education provided, and up to six medications. Listed medications included prescription and nonprescription medications that the physician prescribed on the day of the visit or prior to the visit and that the physician expected the patient to continue taking. In addition, the physician indicates whether she is the patient's primary care physician and whether she is a staff or resident physician. We did not analyze NHAMCS data after 2004 because the later surveys did not identify resident physicians. Ninety percent of the selected hospitals participated, and item non-response rates were generally 5% or less.
Description of Quality Indicators
We examined a set of 20 outpatient quality indicators, which was previously described in detail for use in NHAMCS. 10 Briefly, the quality indicators were developed in accordance with the Institute of Medicine's criteria 11 of clinical importance, scientific soundness, and feasibility for indicator selection as well as criteria specific to the limitations of the data source. Limitations of the data source included visit-based data, unreliable data elements and subpopulations, and inconsistent inclusion of variables over years. Indicators were selected if they were meaningful when measured at individual patient visits and did not rely on data elements or subpopulations that are considered unreliable according to NCHS standards. The quality indicators fall into five categories: 1) medical management of chronic diseases (ten measures; e.g. beta blocker use for coronary artery disease); 2) appropriate antibiotic use (two measures; e.g. no antibiotic use for upper respiratory tract infection); 3) preventive counseling (three measures; e.g. exercise counseling in adults at moderate to high risk for coronary heart disease defined as having two or more risk factors including a history of smoking, men >45 years old or women >55 years old, hypercholesterolemia, hypertension, or obesity and excluding those with known CAD or diabetes mellitus); 4) screening tests (four measures; e.g. routine blood pressure screening), and 5) inappropriate prescribing in elderly patients, defined as age ≥ 65 (e.g. avoiding use of 33 inappropriate medications such as benzodiazepines). We defined performance on quality indicators as the percentage of eligible visits receiving recommended care (i.e., the higher the percentage the better the performance), based on practice guidelines or, in the absence of authoritative practice guidelines, consensus expert statements. We excluded visits from both the numerator and denominator of a measure if the patient had clinical contraindications to a recommended treatment. For example, we computed the measure 'angiotensin converting enzyme (ACE) inhibitor use for congestive heart failure (CHF)' as the number of visits by adults with a visit diagnosis of CHF who had a documented prescription of ACE inhibitors or angiotensin receptor blockers divided by the number of visits by adults diagnosed as having CHF. We excluded visits by adults with diagnoses of hyperkalemia or angioedema from both the numerator and the denominator. We could only capture disease conditions and exclusions if the diagnosis in question was listed on the day of the visit, and if the medication in question was listed on the day of the visit. Because this study used publicly available anonymous data, the Institutional Review Board of Boston University Medical Center deemed it exempt from review.
Statistical Analysis
Using SAS Enterprise Guide 4.2 (SAS Institute, Cary, NC), we performed analyses using the patient visit as the unit of analysis. We calculated standard errors for all results as recommended by the NCHS, which accounts for the sampling weights and the complex multi-stage sampling design of the NHAMCS. 12 According to the NCHS, estimates with greater than a 30% relative standard error (i.e. the standard error divided by the estimate expressed as a percentage of the estimate) or based on fewer than 30 sample cases may be unreliable. In accordance with the NCHS analytical guidelines, we combined data from 1997-2004 in order to generate reliable national estimates. We excluded one quality indicator (antithrombotic therapy for atrial fibrillation), because it had a sample size that was too small to be considered reliable, leaving us with 19 quality indicators. The primary outcomes were mean performance rates on quality indicators analyzed according to physician status (resident vs. staff physician). We compared mean performance rates with chi-square analyses (PROC SURVEYFREQ), followed by multivariable logistic regression analyses (PROC SURVEYLOGISTIC) controlling for patient sex, age, race/ ethnicity, medical insurance, and metropolitan status. We selected these variables because they have been shown to be associated with differences in quality of care. Table 1 shows characteristics of patient visits made to resident and staff physicians. Resident physicians were more likely to care for younger, non-white, female, and urban patients, as well as patients with Medicaid. Resident and staff physicians cared for patients with similar numbers of comorbid medical conditions and from similar regions of the United States. The proportion of visits to resident and staff physicians for preventive care versus treatment was similar. Table 2 shows mean performance rates on quality indicators for resident and staff physicians. In both unadjusted and adjusted analyses, residents outperformed staff physicians on four measures: ACE inhibitor use for congestive heart failure (57.0% vs. 27.6%; adjusted p = <0.001), diuretic use for hypertension (57.8% vs. 44.0% adjusted p=<0.001), statin use for hyperlipidemia (56.3% vs. 40.4% adjusted p=0.001), and routine blood pressure screening (85.3% vs. 79.6%; adjusted p=0.024). Residents and staff performed at similar levels for counseling on smoking cessation, and for exercise and nutrition counseling among moderate to high-risk adults; performance rates ranged from 15.7 to 32.0%. Residents and staff performed similarly well on measures capturing inappropriate prescribing or overuse of diagnostic testing. These measures included avoiding inappropriate prescribing in elderly patients, benzodiazepine use for the treatment of depression, antibiotic use for upper respiratory tract infections, and ordering routine complete blood counts, urinalyses and electrocardiograms; performance rates varied from 48.6% to 100%. Residents 
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COMMENT
Compared with staff physicians, resident physicians provide primary care that is of similar or higher quality. Residents outperformed staff physicians on four of nineteen quality indicators including ACE inhibitor use for congestive heart failure, diuretic use for hypertension, statin use for hyperlipidemia and routine blood pressure screening. Residents and staff perform similarly on preventive counseling, measures of avoiding inappropriate prescribing or overuse of diagnostic testing, and on measures of appropriate prescribing.
Our results are congruent with previous studies that have demonstrated increased quality of care provided by resident physicians on specific measures or at single sites. 8, 9 As in previous studies, we found that resident physicians are less likely than staff physicians to prescribe antibiotics for respiratory conditions where antibiotics are rarely indicated. 8 Both resident and staff physician performance revealed deficits in quality of care. This confirms previously identified gaps in compliance with evidence-based guidelines for blood pressure screening, 15 diet and exercise counseling, 16 statin use for moderate to high risk patients, 17 and aspirin use for primary and secondary prevention of cardiovascular disease. 1, 18, 19 Resident physicians provide a disproportionate amount of care for vulnerable populations. In our study, residents were more likely than staff physicians to care for non-white and Medicaid patients, which is consistent with prior studies. 3, 4 This finding suggests that improving the quality of resident outpatient care might improve the quality of care delivered to underserved populations and hence potentially reduce disparities in care. Our analyses are limited because physicians were only able to list a limited number of diagnoses (up to three) and medications (up to six). Thus, some diagnoses and medications may not have been captured on the day of the NHAMCS study visit. The sixmedication limit would cause us to underestimate quality for indicators that call for use of a specific drug, but overestimate quality when the measure suggests drug avoidance. Hence, we would expect measures capturing inappropriate prescribing (avoiding inappropriate prescribing in elderly patients, benzodiazepine use for the treatment of depression, and antibiotic use for upper respiratory tract infections) to be somewhat overestimated in our comparisons, while measures of appropriate prescribing (treatment of depression, trimethoprim-sulfamethoxazole or quinolone use for urinary tract infections, aspirin and beta blocker use for coronary artery disease, and inhaled corticosteroid use for asthma) would be underestimated. Similarly, lack of complete diagnostic information might cause us to underestimate valid contraindications to otherwise indicated drugs. This problem seems most likely for ACE inhibitor in CHF, beta-blocker for CAD, diuretic use for HTN, and statin use for hyperlipidemia.
However, these problems would only affect our conclusions regarding the relative quality of care by the two groups of physicians if these limitations applied differentially to residents or staff physicians. We know of no a priori reason to believe this is so and in fact believe that patients cared for by resident physicians have a similar burden of illness as those cared for by staff physicians, as evidenced by our finding that patients in each group were as likely to have a comorbid condition and had a similar number of comorbid conditions. Thus, we doubt that the absence of data on additional diagnoses and medications has introduced bias.
Our analyses are also limited by underreporting of preventive counseling behaviors in physician-report-based studies such as the NHAMCS, in which counseling behaviors are underreported for two reasons: 1) physicians underreport counseling behavior as compared to procedural behaviors, 20 and 2) visit-based data are unable to capture counseling behaviors that did not occur at the index visit. We doubt that staff physicians are more likely than residents to underreport counseling behaviors; however, because staff physicians have most likely seen their patients over a longer period of time, counseling is more likely to have occurred at a prior visit. One of the quality measures, blood pressure screening, is often carried out by medical assistants and may therefore reflect a difference in practice performance rather than individual physician performance. However, as it is incumbent upon the physician to ensure that screening tests be performed, the difference in blood pressure screening may still reflect a difference in physician attention to this screening test. Our study data were limited to hospital-based clinics and do not include visits to community-based clinics. Thus our findings may not be generalizable to those settings. Finally, because our study period preceded the ACGME-mandated increased ambulatory requirements, we have not captured any improvements in quality of care that may have resulted from this change. Why are there differences in the quality of outpatient care provided by resident and staff physicians? Resident physicians are in the midst of training, thereby increasing the likelihood that they have learned current evidence-based based guidelines. Residents are also closely precepted by faculty, who may be more likely than non-teaching staff physicians to practice according to current guidelines. Residents performed particularly well on measures that are reinforced by their inpatient training, such as ACE inhibitor use for CHF and statin use for hyperlipidemia. Finally, since we were unable to control for the type of institution (academic vs. non-academic), the higher quality of care delivered by residents may reflect differences in systems of care provided at academic versus non-academic institutions.
This study highlights the significant opportunity that remains to improve quality of outpatient care in the United States, including within residency training programs. While ongoing quality improvement projects aimed at staff physicians target the majority of care delivered in the US, quality improvement programs targeting residency training sites are an important area for future interventions. Despite the fact that the majority of care is delivered in ambulatory settings, residents spend the majority of their training years in inpatient settings. Residency training programs should devote attention not only to augmenting time spent in the ambulatory setting as mandated by the ACGME but also on improving outpatient quality of care delivered by residents. Residents might participate in quality improvement projects in order to learn more about quality measurement and process improvement. Such efforts could be guided by the development of a standard curriculum. As more emphasis is being placed on performance-based compensation, this is an increasingly important area to which residency programs should devote attention. Quality improvement interventions that address specific barriers at the system, provider, and patient level are necessary in order to reduce the discrepancy between clinical practice and best evidence. 21, 22 Research on factors contributing to deficiencies and disparities in quality of care will inform the design of tailored interventions.
